Background: Alcohol consumption has been found to be associated with gastric ulcers, including gastric mucosal lesions. Salusin-α and salusin-β are bioactive peptides having 28 and 20 amino acids, respectively. Salusin-α and salusin-β immunoreactivity has been detected in the stomach and in the intestines. It has been reported that the salusins regulate the cytokine levels and decrease the infarct area in the heart tissue after ischemia. In this study, we investigated the effects of the salusins in the gastric injury formed with ethanol. Methods: Thirty-two sprague Dawley male rats were randomly divided into four groups, including eight rats in each group as follows: Group 1: control; Group 2: ethanol 5 mL/kg; Group 3: ethanol 5 mL/kg + 5 nmol/kg salusin-α; Group 4: ethanol 5 mL/kg + 5 nmol/kg salusin-β. Results: The salusin-α level increased at a significant level in the ulcer group formed with ethanol (p < 0.001); the change in the salusin-β level is not significant. As for malondialdehyde (p < 0.05) and myeloperoxidase (p < 0.001), when compared with the control group, tumor necrosis factor-α (p < 0.05) levels increased in the group to which ethanol was applied and decreased significantly with the application of salusins. Levels of GSH and IL-1β did not change at a significant level. In addition, histopathologic analysis demonstrated that, in salusin-administered groups, mucosal injury and caspase-3 expressions were reduced. Conclusions: The suppression of salusin-α and salusin-β on caspase-3 expression by means of their effects on
Introduction
Alcohol consumption is associated with gastric mucosal lesions, including gastritis, gastric ulcer and even gastric carcinoma [1] . Gastric ulcer is a common disease with multiple causes and is defined as a disruption in gastric mucosa penetration along muscularized mucosa [2] . The mechanisms underlying ethanol-induced gastric ulcer are not fully defined. However, some evidence have been offered to demonstrate that proinflammatory cytokines, oxidative stress and apoptosis play important roles in the pathogenesis of ulcer [3] [4] [5] [6] [7] . Ethanol inhibits the mitochondrial electron transfer system and increases reactive oxygen species (ROS) production, thus causing cellular injury [8] . The imbalance between the production and the elimination of ROS plays an important role in gastric mucosal injury [9] . The neutrophil infiltration in gastric mucosa induced by ethanol has been shown to be closely related to the formation of lesions [10] . Determination of myeloperoxidase (MPO) activities, which are deemed as the main marker of neutrophil infiltration, is one of the main indicators of gastric injuries [11] . The invasion of stomach tissues marked by neutrophils with increased MPO activity causes gastric mucosa injury [12] . These formations trigger other proinflammatory mediators to be released, and increase the inflammatory cascade by increasing neutrophils, thereby accelerating gastric injury [7, 12, 13] . The experiment model of ethanol-induced gastric mucosa injury in rats is generally used to examine the compounds related to alcohol-borne gastric ulcer formation in humans and anti-ulcer activity [14] .
Salusin-α and salusin-β are newly identified bioactive peptides comprising of 28 and 20 amino acids, respectively. Both are alternative splice products from preprosalusin, the torsion dystonia-related gene (TOR2A) [15] . The presence of preprosalusin in rat stomach tissue is specified in RTq-PCR studies [15, 16] . A previous study reported the detection of salusin-α and salusin-β immunoreactivity in the stomach and in the intestines [17] . Salusins play important roles in the proliferation of the vascular smooth muscle fibroblast cells and are also capable of inhibiting the apoptosis of cardiomyocytes [18] . Moreover, salusin-α and salusin-β applications have been reported to decrease the infarct size in the heart tissue after ischemia [19] . In previous studies, the effects of salusins on vascular inflammation, cardiovascular system, cytokines and oxidative damage have been investigated [20] [21] [22] . In our study, we investigated the effects of salusin-α and salusin-β hormones on stomach damage induced with ethanol by using biochemical and histopathological methods.
Materials and methods

Salusins
Absolute ethanol (99%) was purchased from Sigma-Aldrich (St. Louis, MD, USA). Salusin-α and salusin-β were obtained from Biorbyt (CA, USA). The drugs were dissolved in distilled water before use, and were then administered to the rats intravenously (iv) at 5 nmol/ kg doses [19] .
Animal ethical issues
All kinds of treatments and surgical procedures to be conducted on animals were approved by the Animal Testing Local Ethics Committee of Ataturk University on the 28th of November, 2014 (Protocol no: 28.11.2014/139). The animals used in the study were obtained from the Medical Experimental Applications and Research Center (ATA-DEM) of Ataturk University. Male rats were subjected to 12 h light/ dark cycle in a temperature-and humidity-controlled environment. They were placed in cages and were provided with continuous access to water and standard food pellets. The rats were deprived of food 24 h before the procedure, but had free access to water except for the last 1 h prior to the experiment. The study adhered strictly to the Declaration of Helsinki Principles, as revised in 2008.
Induction of acute gastric injuries in rats by ethanol
Thirty-two sprague Dawley (250-280 g) male rats were divided randomly into four groups, including eight in each group. The first group was the control group, and distilled water was administered to this group intravenously. The second group was administered 5 mL/kg absolute ethanol (99%) by oral gavage. The third group was administered 5 mL/kg ethanol by oral gavage + 5 nmol/kg salusin-α intravenously. The fourth group was administered 5 mL/kg ethanol by oral gavage + 5 nmol/kg salusin-β intravenously. The salusins were administered intravenously right before the ethanol administration.
Animals were euthanized 90 min after ethanol was administered and their stomach and blood tissues were collected. A portion of the gastric sample was maintained in a solution containing 10% formaldehyde until histological studies were to be conducted. The separated serum and stomach tissue samples were kept at -80 °C.
Biological activities of gastric homogenate
Determination of the MDA (malondialdehyde) levels: The MDA levels in the gastric mucosa were determined as an index of lipid peroxidation, and were measured according to the method of Ohkawa et al. [23] . The gastric mucosa was weighed and homogenized in 10 mL of KCl (10%). The homogenate was boiled at 100 °C for 1 h by adding 8.1% sodium dodecyl sulfate, 20% acetic acid and 0.8% TBA. After cooling the reactants, 2.5 mL of n-butanol was added. The mix was shaken for 1 min and centrifuged for 10 min. The absorbance was measured at 532 nm and the results were expressed as nmol/mg protein.
Determination of the MPO activity: MPO activity was measured in accordance with the Bradley technique [24] . The tissues were homogenized in phosphate buffer of 50 mM pH 6.0 containing 0.5% HTAB (hexadecyl three methyl ammonium bromide). The homogenate was centrifuged for 30 min at 4 °C at 3500 rpm. The supernatants were used in MPO activity measurement. Five-minute kinetic readings were conducted at 460 nm wave length in ELISA Microplate Reader. The results were submitted as unit/mg protein.
Determination of the glutathione (GSH):
The GSH was estimated in accordance with the method of Ellman [25] . An equal volume of the homogenate was mixed with 10% TCA and centrifuged to separate proteins. Then, 2 mL of phosphate buffer (pH 7.4) and 250 μL DTNB (di-thiobis nitro-benzoic acid) was added to 250 μL of this supernatant and stirred in a suitable manner. The yellow color formation was read at 412 nm. The results were calculated from a standard curve and expressed as μmol/mg protein.
Measuring TNF-α (tumor necrosis factor-α) and IL-1β (interleukin-1β) serum levels and salusin-α and -β from gastric tissue with enzyme-linked immunosorbent assay (ELISA)
In order to examine the ethanol effect on serum cytokines and salusin levels in stomach homogenate, the enzyme-linked immunosorbent assay (ELISA, BioTEK Powerwave XS Winooski, UK) was conducted. The measurements were carried out by using IL-1β ( Elabscience, Beijing, China), TNF-α (Ebioscience, Sandiego, CA, USA), and salusin-α and salusin-β (Sunredbio, Baoshan, Shanghai) commercial ELISA kits in accordance with the manufacturer's instructions given.
Histopathological analyses (hematoxylin and eosin staining)
Hematoxylin eosin staining was conducted following a method similar to that used by Thomas et al. [26] . The stomach samples were fixed in 10% formaldehyde for 48 h, dehydrated in an increasing concentration alcohol series and made pellucid with xylene series. The stomach tissues were embedded in paraffin wax and sectioned to a thickness of 5 μm using a microtome (Leica RM2235, Leica Instruments, Nussloch, Germany) for subsequent immunohistochemical and histopathological examinations. In histopathological examination, the prepared samples were stained with hematoxylineosin and were investigated by light microscopy. Three animals were used for hematoxylin staining.
Immunohistochemical analysis (IHC staining)
After being deparaffinized in xylene, the tissues were rehydrated in ethanol, water and phosphate-buffered saline. After washing in distilled water they were immersed in 3% hydrogen peroxide for 15 min. Then, PBS was applied, and the sections were sopped in equilibration buffer at room temperature for 20 min. The tissue sections were then incubated with anti-caspase-3 solution for 1 h at room temperature. The prepared section samples were incubated with phosphatebuffered saline containing normal goat serum but without a primary antibody. The sections were counterstained with Mayer's hematoxylin. The sections were then examined under a light microscope (Olympus BH-40), as shown in the picture [27] . Three animals were used for IHC staining.
Statistical analysis
All values were reported as mean ± standard error, including eight animals per group. The data were analyzed using Kruskal-Wallis test, and Dunn's multiple comparison tests. The statistical analyses were performed by using the SPSS 20 Program.
Results
Effects of salusins on MDA and GSH levels and the MPO activity of the gastric homogenate in ethanol-induced gastric damage in rats Effects of salusins on GSH and MPO levels as well as MPO activity in stomach tissues are shown in Table 1 . As can be seen, the administered ethanol resulted in significant increase in MDA and MPO content compared with the control group. However, salusins significantly decreased MDA and MPO content compared with the ethanol group.
In addition, the administered ethanol decreased the GSH level compared to the control group. The GSH level in the groups that received salusin was higher than that in the ethanol group. In addition, the decreasing GSH level in the group to which ethanol was applied increased in the groups to which salusins were applied. However, this change was not statistically significant.
Salusin-α and -β levels in ethanol-induced gastric injury
As shown in Figure 1 , the salusin-α level of the stomach homogenate was significantly higher in the ethanol group compared with that in the control group. However, the difference in the levels of salusin-β between the ethanol and the control groups was not statistically significant.
Serum TNF-α and IL-1β levels in ethanolinduced acute gastric injury
TNF-α and IL-1β levels were significantly increased in the stomach in the group that received ethanol compared with those in the control group. TNF-α level in the serum was significantly reduced in the salusin-α and -β groups compared with the control group. By contrast, IL-1β levels increased in the salusin groups compared with the control group (see Figure 2A and B).
Histopathological examination
Intragastrical administration of absolute ethanol triggered severe hemorrhagic gastritis with high dilatation and congestion, indicating several linear hemorrhagic ulcers and multifocal erosions compared with the control group. There was degeneration in the surface epithelium. All these changes were significantly less expressed in rats pretreated with both salusin-α and -β (Figure 3 ). 
Evaluation of caspase-3 expression in ethanol-induced gastric mucosal injury
Caspase-3 expression was observed in the control group, whereas a minimal expression in the sham group was observed. While a wide expression was observed in the group that received ethanol, a decreased expression was observed in the groups that received salusin-α and -β ( Figure 4 ).
Discussion
In this study, we demonstrated the changes in the salusin levels in gastric injury induced by ethanol for the first time.
Results showed that, although salusin-α level showed a significant change, there were no changes in the salusin-β levels. In addition, we also evaluated the potential effects of salusins on antioxidant, anti-inflammatory and apoptosis against gastric injury formed with ethanol in rats.
In our results, we observed that the ethanol application increased the hemorrhagic lesions, necrotic areas, edema and the formation of the inflammatory cells. Moreover, unlike this situation, decreased ulcerative effects were determined in the groups that were treated with salusins. ROS and oxidative stress play active roles in the pathogenesis of gastric ulcer [28] . In addition, there is a relation between the pro-inflammatory mediators, ROS and oxidative stress in gastric ulcer. The increase in the ROS levels causes that the pro-inflammatory mediators also increase [29] . GSH acts as a free radical scavenger and lipid peroxidation inhibitor, and joins the detoxification of the hydrogen peroxide together with various glutathione peroxidases. In addition, GSH plays an important role in the detoxification of the ethanol [30] . MDA represents a product of peroxidation in the cell membrane of the relevant esters and in poly unsaturated fatty acids, is evaluated as an important marker of the gastric lesions stemming from ROS [31] . In this study, the MDA levels that increased in the gastric tissue with the ethanol application and decreased GSH levels demonstrated the severity of the oxidative damage. As a conclusion, decreased antioxidant levels do not reduce the injury caused by free radicals and, therefore, cannot prevent mucosal injury. In our present study data, we reported that salusin-α and -β fought against oxidative stress, and also led to a clear decrease in the MDA level without having a significant effect on GSH levels.
The major source of the ROS in the gastric injury formed with ethanol is the activation of the active neutrophils. The infiltration of the neutrophils in gastric mucosa was evaluated by MPO activation [32, 33] . The decreasing neutrophil infiltration is accepted as an important antiinflammatory mechanism by the anti-ulcer agents that are protective against gastric injury [5] . In our study, the neutrophil activation in the gastric mucosa was induced by ethanol and the MPO activity, which showed the infiltration increased at a significant level. When the groups that received salusin were evaluated, salusins decreased the leukocyte infiltration in the gastric tissue and had a strong inhibitor effect on the MPO activity, thereby relieving the injury in the gastric mucosa. The relation between the mitogen active protein kinase (MAPK)/NF-κB signal pathway and the cytokine regulation and oxidative stress was investigated [34] . It has also been shown that they have active roles in the pathogenesis of the gastric lesions stemming from ethanol [35] . NF-κB, which is expressed almost in all cells, acts as a mediator for various genes that form the immune response and for some inflammatory reactions [36] . Some pro-inflammatory stimulants may encourage the phosphorylation of the inhibitor kappa B by the inhibitor kappa B kinase (IκK) complex and the activation of the NF-κB [37] ; then the free NF-κB is transloced to the nucleus. As a result, the transcriptional activation of the pro-inflammatory mediators, such as TNF-α, IL-1β and IL-6, play roles in this [38] . TNF-α and IL-1β, inflammatory cytokines, chemokines and other mediators contribute to the inflammation process as an immune response [39, 40] . It was reported in previous studies that the ROS and TNF-α levels increased the apoptosis in the gastric tissue [3, 5, 41] . In previous studies, it has been shown that salusin-β might increase the inflammatory factors by increasing the I-κBa/NF-κB signal pathway activation [21] . Salusin-β weakened the neointima formation stemming from the injury, ROS production, and NOX2 and MMP-9 expression and the p65 translocation of the NF-κB in knock-out rats [42] . In another study, it was reported that salusin-α did not have any effects on IL-1β; however, salusin-β stimulated the expression of IL-1β [43, 44] . In our study, it has been shown that, among the cytokine levels that increased with the ethanol application (TNF-α and IL-1β), the TNF-α levels decreased in the groups that were treated with salusins; and that the IL-1β levels increased although not at a significant level. Both TNF-α and IL-1β levels showed more changes in the group that received salusin-β than the group that received salusin-α treatment. In the ulcer group in our study, the salusin-α level increased, whereas salusin-β level did not change; moreover, salusin-α, to which exogen was applied, showed more effects because the salusin-α level increased in the ethanol group (it might be the receptor resistance); however, the salusin-β, to which exogen was applied, played more significant roles on the cytokines and oxidative injury. Our results make us think that the salusin in the gastric tissue prevent the expression of TNF-α in a manner that is independent from the NF-κB.
In the gastric ulcer model formed with ethanol in previous studies, it has been reported that oxidative stress, inflammatory signals and endoplasmic reticulum (ER) stress contributed to the development of apoptosis [5, 45, 46] . The underlying mechanisms of the ethanol-induced ER stress have yet to be fully defined. Disrupted calcium homeostasis or redox status, increased protein synthesis rates, changed glycosylation levels, and similar other situations may lead to the accumulation of opened or folded proteins in ER lumen and cause that ER stress in induced [47, 48] . In comparison, it has been reported that the suppression of ER stress is an important mechanism in the prevention of the damage caused by stomach ulcer, spinal cord and myocardial ischemia [45, 49, 50] . Our results showed that the caspase-3 expression, which increased in the ethanol-induced ulcer group, decreased after the treatment with salusins. Sun et al. [42] conducted a study and reported that salusin-β level increased in relation with the vascular tissue damage. Meanwhile, the protective properties of salusin-α and salusin-β have been reported in myocardial ischemia reperfusion damage [19] and in kidney ischemia reperfusion damage [51] . Wang et al. [19] and Cakir et al. [51] conducted a study and reported that suppression of the ER stress decreased the cell damage. When the current literature data are considered, we believe that the decrease of the increased caspase-3 expression, which increased with the ethanol application with salusin-α and -β application, may be related with ER stress.
In summary, the results of our study indicate that salusin-α and -β might be potential anti-ulcer agents for the prevention of ethanol-induced gastric injury. Images submitted for immunohistochemical detection of caspase-3 expression in stomach tissues. In the control group no expression was observed (A). The expression was found to be extensive for the 5 mL/kg Eth administered group (B). There was a decreased expression for the 5 nmol/kg salusin-α administered group (C) and 5 nmol/kg salusin-β administered group (D).
